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ABSTRACT

An experimental investigation (IA156B) was conducted in the NASA/

Ames Research Center Unitary Plan Wind Tumnel 9 x T Foot supersonic leg :
from December 16, 1977 through January 6, 1978.
The objective of the test was to obtain force and moment data on : ;

T LS

all vehicle elements (orbiter, external tank, and each solid rocket °
booster), wing end vertical tail load indicators, elevon and rudder hinge

A amziegneweamas e

moments, and base and body flap pressure data.
Date were obtained at Mach numbers of 1.55, 1.80, 2,20 and 2.50 at

SPRES NSNS - E

Reynolds number per foot of 3.5 x 106. A limited amount of date were
obtained at Reynolds numbers per foot of 3.0 x 105 end 4.0 x 105, e
mejority of the test data were obtained by making angle of sideslip
sweeps at a series of constant angles of attack. The range of ongiee of ;
attack and sideslip was between 16 degrees. ji
Configuration variations consisted of a series of differential |
inboard/outboard elevon angle settings at zero aileron angles, with and
without the Shuttle Infrared Leeside Temperature Sensing (SILTS) pod on

the orbiter. 111
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Documentation for test IAL56B consists of three volumes: 5
. -
Volume 1 ~ Force Data Tabulations !}
Volume 2 - Pressure Data Tabulations i
Volume 3 - Pressure Data Tabulations. of
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INTRODUCTION

The 0,02-scale model (model 89-OTS) of the space shuttle integrated ;
vehicle was tested in the NASA/Ames Unitary Plan Wind Tunnel 9 x T-foot ¥
supersonic leg between December 16, 1977 and January 6, 1978. This test,

,i designated I.156B, used a total of 96 test hours in the facility.

E Date were obtained at Mach numbers of 1.55, 1.80, 2.20 and 2,50 at ‘

E & Reynolds number per foot of 3.5 x 106. A limited amount of data were ' |

l obtained at Reynolds numbers per foot of 3.0 x 105 ana 4.0 x 106, Angle- };’

r of-attack sweeps were run at constant angles of éideslip for Runs 102
through 115. After this, angle of sideslip sweeps were run at constent ‘

angles-of-attack so that the data would be compatible with IA156A data.
The range of angles-of-attack and sideslip was between 16 degrees.
Configuration variations consisted of a series of differential 1nboe.rd/

l

|
outboard elevon angle settings at zero aileron angle, with and without {
the Shuttle Infrared Leeside Temperature Sensing (SILTS) pod on the |
orbiter. Four six-component balances were used to obtain v.nicle element |
(orbiter, external tank, each solid rocket booster) forces and moments.
Three single-component balances were used to measure elevon (right wing
only) and rudder hinge moments. Two three-component balances were used
to measure wing (left side) and vertical tail normal force, bending
moment, and torsion. The orbiter was instrumented with 19 bese pressure

taps and 32 body flap taps. The external tank had U5 base pressure taps,

 mh o e A e———* ) - P . et T Al T

and each SRB was instrumented with five base pressure taps.

This report provides a description of the test consisting of remarks




INTRODUCTION (Concluded)

on the conduct of the test, descriptions of the model and the test

facility, details ca test procedure,

tabulated test results.

information on data reduction, and
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SYMBOL

ALFALS
ALFARS

ALFAT

BETAT

MNEMONTC

NOMENCLATURE

DEFINITION

Tunne)l. Paraneters

MACH
PT

TIR

freestream Mach number
freestream total pressure, psfa
freestream static pressure, psfa
freestream dynamic pressure, psf
Reynolds number per foot
freestrean tofal temperature, OF

freestream total temperature, OR

Test Parameters

ALFAL

ALPHAL

ALFHAR

ALPHAT

BETALL

BETAT

launch vehicle angle-of-attack, de.rees

left hand side solid rocket booster angle-
of-attack, degrees

right hand side solid rocket booster angle-
of-attack, degrees

external tank angle-of-attack, degrees
launch vehicle sideslip angle, degrees

left hand side solid rocket booster
gldeslip angle, degrees

right hand side solid rocket booster
sideslip angle, degrees

external tank sideslip angle, degrees
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NOMENCIATURE (Continued)

SYMBOL MNEMONIC DEFINITION M
Left Hand Side SRB Coefficients (Left Side SRB Balance) J
CABLS CABIS base exial-force coefficlent H H
CAF1S CAFIS forebody axial~force coefficient, CA.S-CABLS
- CALS CALS total axial-fu.ce coefficient
- CBLLS CBLFLS rolling moment coefficient
_ CIMFLS CIMFIS pitching moment coefficient - A
:T CNFIS CNFLS normal force coefficient f; %ﬂj
'\ CYFLS CYFIS side force coefficient } Iji
B "; CYNBLS CYNBLS base yawing moment coeffic. ent lf %
i CYNFLS CYNFLS forebody yawirg mcaem: - ai{icient, ? {»E
CYRLS-CYNR"< : 5 ;
} , CYNIS CYNLS S giwsvg moment coefficient t‘
_ﬁ";, Right Hand SRY Uoefficients (Right Side SRB Balance) i
| ' CABRS CABRS base exial force coefficient :: 1
* CAFRS CAFRS forebody axial force coefficient, CARS-CABR3 “ “
_; CARS CARS total axial force coefficient
~ CBLRS CBL¥RS rolling moment coefficient I
} CIMFRS CIMFRS pitching moment coefficient
CNFRS CNFRS normal force coefficient ' ‘
CYFRS CYFRS side force coefficient |
CYNBRS CYNBRS base yawing moment coefficient
CYNFRS CYNFRS forebody yawing moment coefficient
CYNRS CYNRS total yawing moment coefficient
( 7




NOMENCIATURE (Continued) .

SYMBOL MNEMONIC DEFINITION _ |
Externsl Tank + (SRB Right + SRB Left) Coefficients,
(External Tank Balance) _ _ el
' K
. CABT CABT external tank base axial force coefficient ?
- CAFTS CAFTS forebody axial force coefficient, CATS - 1
- (CABT + CABLS + CABRS)
~ CATS CATS total axial force coefficient
= CBLFTS CBLFTS rolling moment coefficient
CIMTS CIMFTS pitching moment coefficient ;
T CNFIS CNFTS normal force coefficient q
; CYFIS CYFIS slde force coefficient i
B CYNITS CYNFTS forebody yawing moment coefficient, CYNTS - ‘
» (CYNBLS + CYMBRS) *"‘4
H
; CYNTS CYNTS total yawing moment coefficient nl
W
X External Tank Forebody Coefficients ’;
= CAFT CAFT forebody axial force coefficient, CAFIS - ‘
- (CAFLS + CAFRS) l
3 CBLF? CBLFT forebody rolling moment coefficient, CBLFTS - !
! (CBLLS + CBLRS) \
| 1
=3 CIMFT CIMFT forebody pitching moment coefficient, CIMFTS -

(CIMFLS + CIMFRS)

5 | ‘
> CNFT CNET forebody normal force coefficient, CNFIS -
. CYFT CYFT forebody side force coefficient, CYFIS - i
& (CYFLS + CYFRS) |
4 ,
~ CYNFT CYNFT forebody yawing moment coefficient, CYNFTS - =
— (CYNFIS + CYNFRS)

e

r
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( ' NOMENCIATURE (Continued)

SIMECL  MNEMONIC  DEFINITION |
Launch Vehicle Coefficients (Orbiter Balance) :,ﬂ
CABO CABO orbiter base axial force coefficient ' }
CAFL CAFL forebody axial force coéfﬁcient, CAL - g’
(CABO + CABT + CABLS + CABRS)
CAL CAL total axial force coefficient
CBLFL CBLFL rolling moment coefficient £
CIMBO CIMBO orbiter base pitching moment coefficient , '
CIMFL CIMFL forebody pitching moment coefficient, '.
CIML - CIMBO ; q
CIML CIML total pitching moment coefficient .
CNBO CNBO orbiter base normal force coefficient g
CNFL CNFL forebody normal force coefficient, CNL - CNBO Hy
CNL CNL total normal force coefficient - g
CYFL CYFL forebody side force coefficient s
CYNFL CYNFL forebody yawing moment coefficient, CYNL - :
(CYNBLS + CYNERS) f i
- CYNL CYNL total yawing mom:nt coefficient 7 lg
| Orbiter Forebody Coefficients : !
CAFO CAFO axial force coefficient, CAFL - CAFTS i !
CBLFO CBLFO rolling moment coefficient, CBLFL - CBLFTS %
- CIMFO CIMFO pitching moment coefficient, CIMFL - CIMFTS
CNFO CNFO normal force coefficient, CNFL - CNFTS “r
CYFO CYFO side force coefficient, CYFL - CYFTIS |
- | CYNFO CYNFO yaving moment coefficient, CYNFL - CYNFIS |
( 9 |
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SYMBOL

CBVT
CsvT

CRW

CHEI
CHEO

CL

NOMENCIATURE (Continued)

MNEMONIC DEFINITION
Vertical Tail Coefficients (See Figure le)

CBVT bending moment coefficient
CNVT side force coefficient
CTVT torsional moment coefficient

Wing Coefficients (See Figure 1b)

CBW bending moment coefficient
Chw normal force coefficient
C™v torsional moment coefficient

Flevon and Rudder Coefficients (See Figure 1f)

CHEI inboard elevon hinge moment coefficient
CHEO outboard elevon hinge moment coefficient
CHR rudder hinge moment coefficient

Model Geometric Nomenclature
centerline
external tank
hinge line
moment reference center
solid rocket booster

ratio of a station on the body flap to the
body flap chord (See Figure 2¢)

SRB station
ratio of a station on the orbiter to the
orbiter length
10
_ _main B - e — 'y
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NOMENCLATURE (Continued)

MNEMONIC DEFINITION !
Model Geometric Nomenclature (Continued) i
M

d
body station on the external tank A

lateral station on the orbiter, positive to
the right of the plane of symmetry (See

Figure 2b)

orbiter water line (Figures 2a and 2b)
ALPHAO orbiter angle-of-attack, degrees
BETAO orbiter sideslip angle, degrees
IB-ELV inboard elevon deflection angle, degrees

(see Figure 1v)

OB-ELV outboard elevon deflection angle, degrees
(See Figure 1v)

PFHIO rotational angle on model component
surface (See Figure 2e), degrees

ratio of spanwise station on orbiter body
flap to total span of body flap, positive
from left to right (See Figure 2b

Terms Used in Data Reduction
—M

3 A

wing bending moment about Y105, in-1bs,
wing normal force, 1lbs.

PP,

wing torsion moment about Xol1307, in-1lbs,

vertical tail bending moment about 20503
in-lbs,

-

|
1
|
i
]
|
|

|
!

vertical tail normal force, 1lbs,

vertical teil torsion moment about Xolhilk.3 R 1‘
in"lb.c

11




NOMENCLATURE (Concluded)

| SYMBOL MNEMONIC DEFINITION

- Terms Used in Data Reduction (Continued)

i
- HEL inboard elevon hinge moment, in-1bs. ’}‘
!
N HEO outboard elevon hinge moment, in-l1bs. ?
~ ' g
= Parameters _ |
3 SILTS 1.0 = SILTS pod on - 0.0 = SILTS pod off
- Pressure Data ,’
% CPBV CPBV vertical tail base pressure coefficient ' E
3 !
= CP1 CP1 See Data Reduction Section LR
! cP2 cP2 |
;
: CP3 CP3 ,
: CP4 CP4 Lo
£ b
- CP5 CP5 o
CP6 cP6 !
L]
CP? cP? 1
- CP8 cP8 q
— B}
CP9 CP9 1
CP10 CP10 v l
i
: a
12 {
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REMARKS

Upon completion of test IA156A at AEDC, the model was shipped
directly to ARC with all balances (except orbiter balance) still installed.
After arrival at ARC the fouling problems essociated with the wing
balance were cleared and a complete calibration of the wing balance was
performed prior to installation in .the tunnel,

During the test various events occurred having a possible effect on
the test res1lts. These items are listed below.

1. Runs 102 through 142, The wires for the external tank balance
were hooked up incorrectly. Therefore, orbiter, ET, and com-
bined ET/SKB data are not availsble for these runs.

2. Runs 128 through 142. The reference pressure line to the orbiter
Scanivalves was plugged. Also, Scalivalve number 3 in the
orbiter was found to be out of phase. Values from similar runs
were substituted for the base correction terms CPl, CP2, CP3
and CP4 in reduction of the dats for these runs.

3. Runs 138 and 139. The inboard bending gauge on the vertical
tail was over-ranged on the tunnel instrumentation at several
points during these runs. Data are not available for these
points,

b, Runs 265 through 269. There was an electrical problem with the
external tank axial force on these runs, Therefore, ET axial
force data are not available for these runs.

5. Runs 205 through 219. At the end of this series, a phasing
problem was found on Scanivalves k4 and 6 in the external tank.
The data (CPT, CP9 and CP10) should be used with caution.

6. Runs 265 through 306. Outboard elevon zero shifts occurred
frequently during this group of runs. The datae were reduced
with initial zeros only and should be used with caution.

T. Data from several pressure taps were bad for various reasons at
different times during the test. The data in question were
eliminatea from the average when calculating the base pressure
corrections. The run numbers, pressure tap numbers and base
adjustment coefficients affected are given below.

13
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REMARKS (Concluded)

Runs Pressure Tap Number Term Affected ;
102-121 409 - | i
| 102-125 n7 cP1 3 ;
j 102-142 405 cp2 »
“ 102-281 319 CP3 f
117-121 1509 cp
" 128-142 435 ———
143-157 322 ce3 -
: 143-157 1509 cPT ;
ﬂ 159204 314 cPL
190-204 1507 ce7
| 190-239 1509 CPT .
205-224 1516 7 '
205-258 409 - '
240-25 1514 cPT
260-264 ' 308 CP1

|
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CONFIGURATIONS INVESTIGATED

The model for the NASA/Ames 9 x T-foot tunnel test period was an
0.02-scale replica of the Rockwell International first stage space
shuttle vehicle consisting of orbiter, external oxygen/hydrogen tank
(ET) and two solid boosters (SRB's). The vehicle is described by the
VCT0-000002 configuration control drawing. The integrated vehicle
geometry is shown in Figure 2a. The model was mounted upright in the
tunnel through the base of the orbiter using the ARC 2,5-inch Task MK XIA
balance. Photographs of the model in the tunnel and of model details are
given in Figures 3a through 3i.

The external tank and booe+ers were supported from the orbiter/ET
attach structure using the AEDC-PWT-6-1,50-1,80-1,12 M balance. Each
SRB was supported from the ET/SRB attach structure using the AEDC-PWP-6-

1,50-0,50-1,12 M-a and -b (one in each SKB) balances. The orbiter balance

measured total vehicle loads; the external tank balance measured ET/SRB
loads, exclusive of the attach structure between orbiter and external
tank; each SRB balance measured only the forces and moments on the
element in which it was mounted, exclusive of attach hardware.

The orbiter was fabricated to the OV102 Configuration Quter Mold
Line Definition (March 15, 1976 (ML configuration), Lines were derived
from the design entry trajectory lkllh.l, Revision C/C. ‘The Thermal
Protection System (TPS) for these lines is based on the usage of
Silicon Reuseable Surface Insulation (SRSI). The orbiter model is of
& blended wing/body design with a double delta planform (81°/45° leading

15
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CONFIGURATIONS INVESTIGATED (Continued)

edge) wing of 12 percent thickness and full span elevons with gaps between
the outboard and inboard panels and between the inboard panel and the
fuselage. A single centerline vertical tail with rudder/speed brake
capability is mounted between the Orbital Maneuvering System (OMS) pods
on 'the aft fuselage, and a body flap is fitted to the lower trailing
edge of the fuselage. The Main Propulsion System (MPS) nozzles were
simulated, but were trimmed to clear the sting support through the base,
The (MS nozzles and all Reaction Control System (RCS) thruster ports in
the forward fuselage and OMS pods were simulated.

Fuselage Outer Mold Line (ML) penetrations and protuberances which
are simulated include:

= Recessed windshields, hatch, and observation windows

Simulated forward and aft RCS nogzles

Cargo bay door hinges
T-zero umbilical panels

Vents: cargo bay, wing, OMS RCS and aft fuselage _

- Spanwise steps: vertical tail/rudder and body flap

The upper surface flipper door panels which blend the wing to the
elevon at all deflections were not simulated. A smooth fairing between
ving and elevon upper surfaces simulated the flipper door panel, The
0V102 Shuttle Infrared Leeside Temperature Sensing (SILTS) pod was
simulated on the vertical tail. The orbiter model wae constructed
primarily of Armco 17-k4 stainless steel, with TOT6-T6 aluminum used in

16
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CONFIGURATIONS INVESTIGATED (Continued)

some non-load carrying components. The mid/aft upper fuselage is
fabricated from a single block with a longitudinal bore into which
balance adapters can be insexrted. The OMS pods are an integral part of
this block. The not &/forward fuselage was fabricated as & hollow shell
and serves as a cover plate for model-mounted instrumentation.

The vertical tail was supported on the upper aft fuselege by means
of a strain gauged beam (three-component balance), The rudder/speed
brake, fixed at gzero degrees deflection, was mounted on a gauged beam to
allow for measurement of hinge moments., A separate base plate/lower
aft fuselage block incorporated the aft OMS/RCS pods, the simulated MPS
and (MS nozzles, and the body flap bracket recesses. The base plate and
MPS nozzles were cut out for sting clearance. The body flap was mounted
at zero degrees deflection.

The right wing, right wing glove, and lower fuselsge aft of station
520 was fabricated as a single piece. The left wing/wing-glove was cut
off at butt plane 105 and was attached to the lower fuselage by & strain
gauged bean (three-component balance), A labyrinth seal was used along
the gap between the two parts to minimige leakage between upper and
lover surfaces.

The elevons on both wings were mounted on individual beams to allow
for measurement of hinge moments., Although the beams on the right and
left wings were dimensionally similar, only those on the right wing were
gauged. The elevon deflection angles were set by manually changing the

17
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CONFIGURATIONS INVESTIGATED (Continued)

brackets to which the beams are attached, Measured deflection angles are
given in Table III. Upper surface seal doors (flipper docors) were not
simulated but a fairing was used between the wing and the elevon. A gap
of from 0,005 to 0.020-inches was maintained between the fairing and the
elevon.

The external tank was built in accordance with Rockwell International
Interface Control Drawing ICD2-00001, Rev. C, plus Interface Revision
Notices B and C. The external tank is of cylindrical cross-section with
s nominal diameter of 333-inches and a maximum dismeter of 336.2-inches.
The forward portion of the external tank has a tangent og:lver nose which
terminates in a biconic nose cap over the LOX vent valve. The forward
one-third of the external tank is filled with LOX, and the aft two-
thirds with liquid hydrogen. Structural stiffeners between fhe two
vessels result in an area with a slightly larger than nominal diameter.
The aft end of the tank is basically an ellipsoid of revolution.

The entire external tank is covered with a spray-on foam insulation
of varying thickness, Approximate thicknesses are 2.5-inches on the
tangent ogive, 1l,0-inch on the cylindrical sections, and 2,0-inches on
the rear ellipsoid. Model dimensions included this insulation.

The external tank configuration included a number of protuberances
consisting of electrical trays, fluid lines, and attach hardware,
Electrical trays which run parallel to the external tank centerline were
simulated; those which run up next to the aft orbiter/external tank

18
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CONFIGURATIONS INVESTIGATED (Continued)

attach hardware were not. The LOX and IHp feed lines were simulated.
The attach hardware that is considered as part of the external tank is
the front and rear orbiter/external tank attach structure which remains
with the external tank after separation.

The external tank model was constructed primarily of 6061-T651
eluninun alloy with the load carrying components made of Armco 17-k
stailnless steel. The model was formed by three major pieces to 'which
the oxt’.erna.]. pmtuberances were mounted. ‘The three major pieces con-
sisted of the forwaxd biconic nose, the central cylindrical shell and
the aft closure, The external tank protuberances and simulated aft
attach structures were fabricated from Armco 17-l stainless steel and
were secured to the tank by mounting buttons and silver solder.

The external tank was attached to the orbiter by the "wishbone"
attach bracket on the forward end ani the simulated LOX and IHp vertical
feed lines on the aft end. These components were scaled to aé great a
degree as possible, but were sized for the anticipated loads. The
orbiter/external tank attach structure was connected directly to the
balance bridge inside the external tank. Instrumentation leads from the
external tenk tq the orbiter were attached to the back of each feed line
and were covered with a fairing., The external tank wall in the vicinity
of the attach structure was cut away for clearance between the tank, and
the structure and fairing. The resultant gap was filled with foam.

The Solid Rocket Boosters (SRB's) were built to the same Interface
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CONFIGURATIONS INVESTIGATED (Continued)

Control Drawing ([ CD2-00001, Rev. C) and Interface Revision Notices (B
and C) as the external tank. The two SKB's are 146-inch diameter
eylinders, each with an 18 degree semi-angle nose téminated'by a 13.27-
inch diameter sphere. An 18 degree flared skirt, 208.20-inches in
diameter, protects the rocket nozzle., A flexible donut-shaped seal and
thermal shield 1s provided between the skirt and the nozzle. SRB
protuberances consist of a forward attach lug, front and rear separation
motors, an aft attach ring, various stiffeners, and a full-length
electrical systems tunnel.

The Solid Rocket Boosters were made of Armco 17-4 PH stainless steel,
except for the forvard cylindrical shells vhich were made of 6061-T651
aluminum alloy. Each SKB was formed by five major pieces tq which the
externsl protuberances were mounted. The five major pleces were the
nose, the forward and the center cylindrical shells, the aft cylindrical
ehell/skirt assembly and the nozzle. The center cylindrical shells were
fabricated with a vertical split to facilitate assembly and disassembly
of the SKB, The SRB protuberances were fabricated from aluminum elloy
and stainless steel, and were secured to the SKB with screws or silver
solder. Each SRB 1s attached to the EP at the full-scale attach points.
Attach structure components were scaled to as great a degree as
possible, but were sized for the anticipated loads. The SRB/ET attach
structure was connected directly to the balance bridge inside the SRB.

The SRB vas supported on the balance mounted on this balance bridge.
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CONFIGURATIONS INVESTIGATED (Continued)

Instrumentation leads from the SRB to the external tank were routed
through & slot aft of the forward SRB/ET attach post. A fairing between
the SRB and the ET protected the leads from the air flow, The SRB wall
in the vicinity of the SKB/ET attach structure was relieved fur clearance
betw;en the SRB, and the attach structure and fairing. The resultent
gap was filled with foanm.

The following nomenclature, illustrated in Figures 2g through 2),
was used to designate model componentss

Symbol Description
375 OV102 fuselage including T-gero umbilical

panels and crew hatch

c16 Canopy including recessed windshields and
observation windows N
Eg) Elevons, including elevon/elevon and elevon/ o
fuselage gaps %
R6 Body flap P
FRpp Fairings for the forward cargo bay door l
hinges, 6 per side k|
]
HGy Caxgo bay door hinges, 13 per side ? ;
M52 M8 pods 4‘ ’
Ny08 Forward RCS thruster nozzle ports t, !
M09 Main propulsion system nozzles (inner !
surfaces cut away for sting clearance) . .
N10 NS nozzles L
I

N1 Aft RCS thruster noszlea and ports ‘

|
i
)
!
|
'
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CONFIGURATIONS INVESTIGATED (Concluded)

Symbol Description
} Roo Rudder, split into left and right :F
' speed brake panels , J
j Uy Unbilical doors L
E Va7 Vertical tail 5 1!
E Vag Vertical Tail with OV102 SILFS pod .
: Vo Cargo bay vents, U per side
f’“: VT3 Wing/landing gear bay vents, 1 per side
- VTl Aft fuselage vents, 1 per side i
- VTy7 Miscellaneous vents, ports end penetrations ;
- W131 OV102 wing

_ T39 External tank, incl all protuberances I
(See ICD2-00001, Rev, C

|

!

827 Solid rocket booster, including all protuberances
(See ICD2-00001, Rev. C)

R e e s e ,;,..g,‘_*,._._;d“&*m-mwm&;mrn .
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TEST FACILITY DESCRIPTION

This tunnel is one of the supersonic legs of the Ames Unitary
facility. It is a closed circuit, variable density, continuous flow
tunnel. The test section is 9 feet by 7 feet by 18 feet and the nozzle
is of the asymmetric, sliding-block type in which the variation of the
test section Mach number is achieved by translating, in the streamwise
direl:tion, the fixed contour block that forms the floor of the nozzle.
The temperature in all three circuits is controlled by after-cooling.
Dry air for use in the circuit is supplied from four 30,000 cubit-foot
spherical tanks. The tunnel air motors and compressor serve the 8 by
T-foot tunnel. The motors have a combined output of 180,000 horsepower

for continuous operations or 216,000 horsepower for one hour.
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TEST PROCEDURE

The model was: installed in the wind tunnel in the upright position
using the General Dynamics 12-ZK-090 pitch mechanism. Standard Ames esting
components were used between the ARC 2.5-inch Task MK XIA balance and the
pitch mechanism, Figures 3a turough 3c show the model installed in the
tunnel.

The test was concerned primarily with force and moment measurements
and the only pressures measured were those located on the bases of the
model elements. These pressure lotations are shown in Figures 2b

through 2f and are categorized as followss

Ma jor Model Component Model Component No. of Orifices
Orbiter Base 19
Orbiter Body Flap 32

External Tank Base k5

Solid Rocket Boosters Base 10

Total 206

The types of balances utilized, and the model forces and moments
calculated from their measurements are given below. The orbiter balance
is shown in Figure 2k. The other balances are described in detail in

Reference 1.

Balance Model Forces and Moments Measured
Yocation Type or c e
Orbiter 6-component Iaunch vehicle normal force, side force,

axial force, pitching moment, yawing
moment, and rolling moment.,
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Balance
location

External
Tank

Ieft RHand
Solid
Rocket
Booster

Right Hand
Solid Rocket
Booster

Wing
Vertical
Stabilizer
Rudder

Inboard
Elevon

Cutboard
Elevon

Iype
6-component

6-component

6-component

3~component
3~component

l-component

l-component

l-component

TEST PROCEDURE (Continued)

Model Forces and Moments Measured

or Calculated

ET and SRB's normal force, side force,
axial force, pitching moment, yawing
moment, and rolling moment

Left hand SRB normal force, side force,

axial force, pitching moment, rolling
moment, and yswing moment

Right hand SRB normal force, side force,
axial force, pitching moment, rolling
moment, and yawing moment

Wing normal force, bending moment,
and torsional moment

Vertical stabilizer side. force,
bending moment, and torsional moment

Rudder hinge moment
Inboaxrd elevon hinge moment

Outboard elevon hinge moment

Calibrations of the ARC 2,5-inch Task MK XIA balance, the three-

component wing balance, and the elevon and rudder gauges were performed

at ARC prior to the test. The l-1/2-inch diameter balances in the

external tank and s0lid rocket boosters and the three-component vertical

tail balance were not calibrated at ARC prior to the test. AEDC

calibrations of these balances were used for on-line data reduction during

the test., Final data are based on post test calibrations performed by

ARC.
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TEST PROCEDURE (Concluded)

Due to potentially high starting/stopping loads which could exceed
the ET balance limits in both the pitch and yaw planes, physical stops
were installed in the ET to limit the deflection of the ET relative to
its balance. Fouling circuits were set up to detect any deflections
vhich would affect the balance output.

The desired tunnel conditions, given in Table I, were set and, for
Runs 102 through 115, engle-of-attack was varied at a nml constant
sideslip angle, Following Run 115, angle of sideslip was varied at s
nominal constant angle-of-attack. This change was mede to make the
IA156B data compatible with the data from IA156A.

Check loads were placed on the gauged elevons prior to, and following

each change in elevon deflection angles » and data were obtained through

the computer to verify the calculation of the applied loads. The nominal

and measured elevon deflection angles that were tested are given in
Table III and a sketch showing the direction of positive elevon
deflection is presented in ngure. 1b,
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DATA REDUCTION

Standard ARC methods for computing tunnel parameters, balance forces

and moments, a.nd model attitudes were used. Six~component force and f

moment coefficients (body axis only) were computed for each balance, '}

. using the a.xié system defined in Figure la. The moment reference point 14

(the same for all major elements) is specified below. Force and moment

data were adjusted to freestream pressuz;e. Elevon and rudder hinge #

moments, end wing end vertical tail forces and moments were calculated in |
coefficient form sbout the reference locations specified below.

The moment reference locations, in full-scale dimensions, are as
follows:

2l v

Total vehicle: . 976, 20, Zp 0 ‘
ET + 2 SRB's: Xy 76, Tgo, Zp M0 b
Each SKB: Xp 916, Y0, Zp 400 |
Left Wing: Xo130T, Yol05 !
Right Elevcns: Hingeline at X,1387

Verticel Tail: Xolklh.3, 2,503

Rudders Hingeline at X, l4lk4,3

1
]
7
|
|

The attitude of each major model element was calculated from the
sector reading, taking into account the sting and balance deflections.
The deflection of the elevons (right wing) and the rudder due to
applied load were also calculated.

Pressure coefficients required for base pressure adjustments were

computed as followss

27




CPl

Ccpr2

CP3

CP4
CP5
CP6

DATA REDUCTION (Continued)

(1/10) (CPT302 + CPT306 + CPT308 + CPT31l + CPT312 +

CPT314 + CPT315 + CPT316 + CPT3LT + CPT318)

(1/16) (CPTLOS5 + CPTUO6 + CPTLOT - CPT408 + CPTUL3 +

CPT4LY + CPT415 + CPTAL6 + CPTU22 + CPTU2L + CPTLU30 +
CPT432 + CPTU3T + CPTL38 + CPTU39 + CPTLLO)

(1/6) (CPT319 + CPT320 + CPT321 + CPT322 +
CPT323 + CPT32k4) '

(1/2) (cPr3a5 + CPT326)
(1/4) (CPT2202 + CPT220k + CPT2221 + CPTR2222)
CPT2225

1507
!
(0.1629) (1/12) 2 CPTy + (0.1629/12) (CPTL509) +
1=1501
| 1514 ' 1521
(0.12629) " (1713) 2 cPry + (0.0936) (1/11). z CPTy4
1=1511 121516
| 1528
+ (0.0936/11) (cPT1523) + (0.0936) (i/11) Z CPTy +
1=1525

I
(0.2058) (1/13) (CPT1530 + CPT1531 + CPT1543 + CPTISLL) +

’ 1541

(0.2058) (1/13) 2 CPTy +
1=1533

(0.2371/6) (CPTIS46 + CPTIS49 + CPT1551 + CPT1SS3 +
CPT1555 + CPT1557) +

(0.2465/2) (CPT1563 + CPTISTL) +
(0.0541) (CPTLSTL)
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DATA REDUCTION (Continued)

cP9 = (1/4) (CPT2218 + CPT2220 + CPT2223 + CPT222)4)
CP10 = (PT2226
vhere
CPTy is the pressure coefficient for pressure tap 1.
Base pressu~e adjustments to the force and moment coefficients were
computed as follows from the pressure coefficients derived above,
For the Orbiter: |
ONBO = (-1/SREF) [tan 14.75%(0P1) (A1) + (cP2) (A2)]
CIMBO = {-l/ l(sm') ( LREF)” [(-m.) tan 14,75° (cm)' (Al)
-(12) (cPe) (a2) + 271 {(cP1) (AL-AcO)
+ (cP3) (a3) + (ceh) (aco) }]
CABO = (-1/SREF) [(CP1) (AL-ACO) + (CP3) (A3) + (cP) (Aco)]
For the external tank:
CABT = (-1/SEEF) (CPT) (A7)
For the left SRB:
CABLS = (-1/SREF) [(cP5) (AS) + (cP6) (46)]
CYNBLS = -(YS/LREF) (CABLS)
For the right SKRB:
cABRS = (-1/SREF) [(cP9) (a9) + (cP10) (a20)]
~ CYNBRS = (YS/LKEF) (CAERS)
These adjustaents were applied to the measured force and moment
coefficients to give forebody coefficients.
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DATA REDUCTION (Continued)

For the launch vehicle (orbitcr balance)s
CNFL. = CNL - CNBO

CIMFL = CIML - CIMBO

CYFL = CYL

CYNFL. = CYNL - CYNELS - CYNBRS
CAFL = m-m-m-m-m
CBLFL = CBLL
For the external tank and two SRB's (external tank 'balance):.
CNFTS = CNTS

CIMFTS = CIMTS

CYFTS = CYTS

CYNFIS = CYNTS - CYNBLS - CYNBRS
CAFTS = CATS - CABT - CABLS - CABRS
CELFIS = CRIMS
For the left SRB (left SRB balance):
CNFIS = CNIS

CIMFIS = CIMIS

CYFIS = (YIS

CYNFIS = CYNIS - CYNBIS

CAFLS =. CALS - CABLS

CELFIS = CBLIS
For the right SRB (right SRB balance):
CNFRS = CNRS
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DATA REDUCTION (Continued)

For the right SRB (right SRB balance)s (Continued)
CIMFRS = CIMRS
CYFRS = CYRS
CYNFRS = CYNRS - CYNBRS
" CAFRS = CARS - CABRS
CBLFRS = CBLRS |
For orbiter alone forebody da.t_a.:
CNFO = CNFL - CNFTS '
CIMPFO = CIMFL - CIMFTS
CYFO = CYFL - CYFTS
CYNFO = CYNFL - CYNFTS
CAFO = CAFL - CAFTS
CBLFO = CBLFL - CBLFTS
The external tank alone forebody coefficients were computed as:
CNFT = CNFIS - CNFLIS - CNFRS
CIMFT = CIMFTS - CIMFLS - CIMFRS
CYFT = CYFIS - CYFLS - CYFRS
CYNFT = CYNFTS - CYNFIS - CYNFRS
CAFT = CAFTS - CAFLS - CAFRS
CBLFT = CBLFIS - CBLFLS - CBILFRS
The panel loads were reduced to force and moment coefficients in the

following manners:
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DATA REDUCTION (Continued)

i For wing bending and torsiont

o cm = WW/[(Q) (SREF)] !

cBw = BW/[(Q) (BREF) (BREF)] |
‘ omv = M/[(Q) (sREF) (MAC)] | :
;,1 . _ For vertical tail bending end torsion: '
¢ awve = wr/[(Q) (svD)] '

4 cavr = Bvr/[(Q) (sVE) (cvT)]
cve = Tv/[(Q) (svr) (cvr)]
For elevon hinge momentss
ez = HEX/[(Q) (sE) (CE)]
’ ciE0 = HEO/[(Q) (SE) (CE)]
2 " For rudder hinge moments:

o
cHR = HR/[(Q) (SR) (CR)]
,; A schedule of completed runs is given in Table II which is the Data
Set/Run Number Collation Summary for the test. 1
§ :
Reference dimensions and constants used were: l
¥ {
| Value !
i | Symbol fiodel Scale  Full Scale Description ;;
Al 0.12576 £t.2 - Base area #1 (orbiter, ‘
including sting cavity area). ;
A2 0.0572 £7%.2, e Base area #2 (projected body ) P
flap). !
A3 0.0490L8 £t.2  --- Base ares #3 (QMS pods). -
A5, A9 0.,04661 ﬁ:.a ome SRB skirt base areas, each.
A6, A10 0.04795 .2 SRB nozzle base area, each.
1
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-——

CE 3
- CR

MAC
SE
SR
SREF

s

21

Value

Model Scale
0.24192 £t,2
0.0377 £t.2

180731* in,
1.814 in,
1,464 in.

34996 in,

25,260 1u,

26 . 5915 in.

25.806 in.
901‘96 in.
0.084 £t,2

0.04006 £t,2

1.076 £t.2
0.1653 £t.2
5.010 in.

6.730 in.

Full Scale

936.7 1n.
90.T in.
73.2 in.

199.8 1in.

1263.0 in.

1329,7 in.

1290.3 in.
4T4.8 in.
210, £t.2

100,15 £t.2

2

2690, ft.

413,25 ££.2
250.5 in.

33605 in,
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DATA REDUCTION (Concluded)

Dascrigtion
Base area of the external tank.

Orbiter sting cavity area.

Wing bending reference length.
Elevon reference chord length;
Rudder reference chord length.

Vertical tail reference chord
length

Horizontal transfer distance

between the orbiter base and

the integrated vehicle moment
reference center.

Horizontal transfer distance
between the body flap and the

integrated vehicle moment
reference center.
Reference length,

Mean serodynamie chord,
Elevon reference area.
Rudder reference area.
Wing reference area.

Vertical tail mference area.,

lLateral transfer distance
between the SRB base and the
integrated vehicle moment
reference center.

Vertical transfer distance
between the total orbiter base
area and the integrated vehicle
mnonent reference center.
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TEST ¢ IA156B

* ABLE I,
e R
IDATE 3 Jan. 1978
TEST CONDITIONS
e
REYNOLDS NUMBER DYNAMIC FRESSURE !smnmou TEMPERATURE i
MACH NUMBER (per foot) (ps2) (degrees Fahrenheit) t}‘
1,55 3.0 x 106 680 120 !
1.55 3.5 x 106 785 f}
1.8 3.0 x 10° 680 ;
1.8 3.5 x 106 790 g
2,2 3,5 x 106 760 i
2.5 3.5 x 105 710 Loy
2.2 4.0 x 106 825 ‘
2.5 4,0 x 106 780" ¥ i
_. 1
BALANCE UTILIZED: _See CONFIGURATTONS INVESTIGATED )
1
CAPACITY: ACCURACY: kT y
P Lo
R —_—_— o
W o —_—— — |
i
COMMENTS: -
i
t ]
o AR —
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TABLE II (Continued)

FORCE DATASETS
R2TVgE -~ Launch Vehicle Aerodynamic Coefficients

R2TP3¢ =~ Orbiter Aerodynamic Coefficients
R2TWS$ - Wing Data Coefficients
R2TF§¢ -~ Pressure Data and Vertical Tail Data

R2TT$§ =~ ET Alone Aerodynamic Coefficients
RT8§8 - ET + Left and Right SUS (BT balance)

R2TL$$ - Left SRB Aerodynamic Coefficients
R2TRg¢ -~ Right SRB Aerodynamic Coefficients

PRESSURE DATASETS

P2T E§$ =~ Orbiter Base Coefficient of Pressure Data

P2T F$¢ - Body Flap (Bottom) Coefficient of Pressure Data
P2T Gg¢ - Body Flap (Top) Coefficient of Pressure Data
P2T 198 - Left SRB Base Coefficient of Pressure Data

P2T R§§ - Right SRB Base Coefficient of Pressure Data

P2T T8¢ - ET Base Coefficient of Pressure Data
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X

TABLE III. ELEVON DEFLECTION ANGLES

Sey, deg
Left Hand Right Hand
Nominal Measured Measured
12 11,88 12,12
- 10 9.90 10,02
8 7.82 8.10
_ 4 4,00 4,23
) 680) deg
Left Hand Right Hand
Nominal Measured Measured
-7 «6.95 -6.88
=5 -4,98 -4,88
'2 -2 . w '2 Y 30
2 2,00 1.88
5 5 . w 5 . 00
> :.":
|
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X0 26.19

//-WING MRC

- - : _1

¢. Wing Moment Reference Center
Mgure 1. Continued.
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R \ 2, 10.06
=

d. Vertical Stabilizer Moment Reference Center
Figure 1. Continued.
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o Definition of Vertical Stabilizer Coefficients

Figure 1. Continued.
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- f. Definition of Elevon and Rudder Hinge Moment Coefficients
- Flgure 1. Concluded.
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>

2, .8.00

BT Y G S

Tap 2o Yo Tap 2o Yo
301 10.64 0 318 6.04 -2.08
302 10.1 0 319 10.28 -1,1
300 6.04 0 320 9.84 -1,76
308 9,58 -0.76 321 10.44 -2.08
311 6.04 | -0.76 322 9.4 -1.92
312 8.78 -1.56 323 8.78 -2.14
314 6.04 -1,56 324 9.3 -2.6
315 8.28 | -2.06 325 CAV 0
318 7.52 | -2,06 326 CAY 0
317 | 6.8 -2.06
‘3
0
®
o"III" )
° °
-] -Sting
Cavity
/ A
A\ )
—0 /
N 5 / v 4
< 2 ‘ M - —
12 =
b. Orbiter Base Pressure Orifice Locations

Flgure 2. Continued,
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Model 89-0TS in the Ames 9 x T-Foot Test Section, Upper Front View

a.
Figure 3. Model photographs.
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DATASETS

P2TE$$
P2TF$8
P2TG38

L I JE

APPENDIX
TABULATED SOURCE DATA
VOLUME 2

PRESSURE DATA

COMPONENT
ORBITER BASE

BODY FLAP (BOTTOM)
BODY FLAP (TOP)
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